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(54) CDMA/TDD mobile communication system and method 



(57) Control section 125 at base station 100 in a 
CDMA/TDD mobile communication system assigns one 
or more fixed forward link time slots to a plurality of time 
slots divided at a communication frame at a predeter- 
mined interval, and forward link time slots and reverse 
link time slots to the time slots except for the fixed for- 
ward link time slots by allocating corresponding to a 
ratio of a total information volume of a forward link to a 
total information volume of a reverse link in the system, 




in order to transmit a control channel signal including a 
synchronization control channel signal using the fixed 
forward link time slots, and to transmit forward link and 
reverse link traffic channel signals using the forward link 
time slots and the reverse link time slots that are allo- 
cated according to the number of time slots respectively 
required corresponding to the respective information 
volume. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to a CDMA/TDD 
mobile communication system and method applying a 
same band transmission/reception system for assigning 
time slots at the same radio frequency band to commu- 10 
nicate over a reverse link and a forward link alternately. 

Description of the Invention 

[0002] Conventionally, as a mobile communication is 
system using a CDMA (Code Division Multiple Access) 
system, a W-CDMA (Wideband CDMA) system using a 
DS (Direct Sequence) system is known. The W-CDMA 
system uses a FDD (Frequency Division Duplex) sys- 
tem as a duplex system. so 
[0003] As a duplex system, a TDD (Time Division 
Duplex) system is known other than the FDD. The TDD 
system uses a same band transmission/reception sys- 
tem for assigning time slots at the same radio frequency 
band to communicate a reverse link and a forward link ss 
alternately, which is also called Ping-Pong system. 
[0004] In addition, a multiple access system is a line 
connection system over which a plurality of stations 
concurrently communicate at the same frequency band. 
The CDMA system employs a technique for performing 30 
a multiple access by a spread spectrum communication 
in which information signals are spread by a spreading 
code to transmit over a spread band. In the DS system, 
information signals are multiplied by a spreading code 
in spreading. 35 
[0005] In the DS-CDMA system, since a plurality of 
communication links share the same frequency band, 
there is a problem to control each communication wave 
level at a reception to be equal (near-far problem). In 
other words, the conquest over this problem is neces- 40 
sary to achieve the CDMA communication system. 
[0006] The near-far problem is severer at a reception 
of a base station for concurrently receiving radio signals 
transmitted from a plurality of mobile stations (mobile 
radio terminal devices) each locating at a different 45 
place. Therefore, it is mandatory at the mobile station 
propagation path condition. 

[0007] In the TDD system, propagation path condi- 
tions such as fading correlate when intervals of forward 
and reverse links are short enough because the same so 
frequency band is used for the forward and reverse 
links. It is thereby possible to perform a transmission 
power control by open-loop control. 
[0008] Some of such CDMA mobile communication 
system comprises a TDD configuration for dividing a ss 
communication frame into a plurality of time slots to 
assign each of traffic channel and control channel to a 
time slot to communicate over a plurality of links. 



[0009] FIQ.1 illustrates a frame diagram in a conven- 
tional CDMA/TDD mobile communication system. 
[0010] FIQ.1 illustrates an example where one frame 
1 is divided into eight time slots 0 to 7, time slots 0 to 3 
are assigned to a forward link and time slots 4 to 7 are 
assigned to a reverse link. 

[0011] In forward link 2 toward a mobile station (not 
shown) from a base station (not shown), common con- 
trol channel 3 such as synchronization control channel, 
a dedicated control channel and user information chan- 
nel 4 that are transmitted between the base station and 
a dedicated mobile station are multiplexed. In reverse 
link 5 toward the base station from the mobile station, 
the dedicated control channel and user information 
channel 6 are multiplexed. 

[0012] The mobile station starts receiving when it is 
turned on, and acquires synchronization with the base 
station by detecting the synchronization control channel 
of common control channel 3 in forward link 2. Then the 
mobile station performs a line connection via the dedi- 
cated control channel to start communicating with user 
information channel 4. At this point, the mobile station 
measures reception quality of an assigned forward link 
time slot, and based on the measurement result, per- 
forms a transmission power control of an assigned 
reverse link time slot. 

[0013] However, in the conventional CDMA/TDD 
mobile communication system described above, when 
an assignment of time slots to forward link and reverse 
link is changed corresponding to information volume of 
the forward and reverse links, a configuration of the syn- 
chronization control channel becomes irregular. It 
thereby takes a longer time for a mobile station to 
acquire synchronization with a base station when it is 
turned on. 

[0014] In addition, in each communication link, since 
an interval of the assigned forward link time slot and the 
assigned reverse link time slot is long, the propagation 
path conditions of the forward and reverse links do not 
correlate so much, thereby decreasing an effect of an 
open-loop controlled transmission power control. 

SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to pro- 
vide a CDMA/TDD mobile communication system and 
method for enabling a synchronization acquisition time 
with a base station at a mobile station to be shortened, 
and enabling open-loop controlled transmission power 
control to function effectively when an assignment of 
time slots to forward and reverse links is changed corre- 
sponding to an information volume in the case where 
the information volumes of the forward and reverse links 
are asymmetry. 

[001 6] The object is achieved by a CDMA/TDD mobile 
communication system comprising a base station appa- 
ratus having a control section for assigning one or more 
fixed forward link time slots to a plurality of time slots 
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divided at a communication frame at a predetermined 
interval, while assigning forward link time slots and 
reverse link time slots to the time slots except for the 
fixed forward link time slots by allocating the time slots 
corresponding to a ratio of a total information volume of 5 
a forward link to a total information volume of a reverse 
link in the system, in order to transmit a control channel 
signal including a synchronization control channel sig- 
nal using the fixed forward link time slots, and to trans- 
mit a traffic channel signal of the forward link and a 10 
traffic channel signal of the reverse link respectively 
using the forward link time slots and the reverse link 
time slots that are allocated according to the number of 
time slots respectively required corresponding to the 
respective information volume. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

so 

FIG.1 is a frame diagram applied in a conventional 
CDMA/TDD mobile communication system; 
FIG.2 is block diagram of a base station in a 
CDMA/TDD mobile communication system accord- 
ing to a first embodiment of the present invention; 25 
FIG-3 is a frame diagram illustrating an assignment 
of time slots at a communication frame appOed in 
the CDMA/TDD mobile communication system 
according to the first embodiment of the present 
invention; 30 
FIG.4 is a frame diagram illustrating an assignment 
of time slots at a communication frame applied in a 
CDMA/TDD mobile communication system accord- 
ing to a second embodiment of the present inven- 
tion; 35 
FIG.5 is a frame diagram illustrating an assignment 
of time slots at a communication frame applied in a 
CDMA/TDD mobile communication system accord- 
ing to a third embodiment of the present invention; 
FIG.6 is a frame diagram illustrating an assignment 40 
of time slots at a communication frame applied in a 
CDMA/TDD mobile communication system accord- 
ing to a fourth embodiment of the present invention; 
FIG.7 is a block diagram of a mobile station in a 
CDMA/TDD mobile communication system accord- 45 
ing to a fifth embodiment of the present invention; 
FIG.8 is an integration result diagram obtained by 
the mobile station according to the fifth embodiment 
integrating correlation value of a received signal 
with a spreading code of a forward synchronization so 
control channel at each sampling timing over four 
time slots interval starting from an arbitrary time. 
FIG.9 is a frame diagram illustrating an assignment 
of time slots at a communication frame applied in a 
CDMA/TDD mobile communication system accord- ss 
ing to a sixth embodiment of the present invention; 
and 

FIG. 10 is a frame diagram illustrating an assign- 



ment of time slots at a communication frame 
applied in a CDMA/TDD mobile communication 
system according to a seventh embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] A CDMA/TDD mobile communication system 
and method according to the embodiments of the 
present invention are specifically explained below with 
reference to attached drawings. 

(First embodiment) 

[0019] FIG.2 is block diagram of a base station in a 
CDMA/TDD mobile communication system according to 
the first embodiment of the present invention. 
[0020] Base station 100 illustrated in FIG 2 is com- 
posed of coding section 1 04 having first coding section 
101, second coding section 102 and third coding sec- 
tion 103, spreading section 108 having first spreading 
section 105, second spreading section 106 and third 
spreading section 107, multiplexing section 109, D/A 
conversion section 110, transmission frequency conver- 
sion section 111, reception frequency conversion sec- 
tion 112, A/D conversion section 1 13, allocating section 
114, correlation detection section 118 having first corre- 
lation detection section 115, second correlation detec- 
tion section 116, and third correlation detection section 
1 1 7, decoding section 1 22 having first decoding section 
119, second decoding section 120 and third decoding 
section 121, transmission/reception antenna 123, trans- 
mission/reception switching section 124 and control 
section 125. 

[0021] Coding sections 101 to 103 execute coding of 
first to third forward link dedicated control channel sig- 
nals 131, 132 and 133 respectively. Spreading sections 
105 to 107 executed spreading the coded channel sig- 
nals 134, 135 and 136 respectively. 
[0022] Multiplexing section 1 09 multiplexes the spread 
channel signals 1 37 to 139. D/A conversion section 1 10 
converts the multiplexed signal 140 into analogue signal 
141. Transmission frequency conversion section 111 
converts the analogue signal 141 into transmission sig- 
nal 142 with radio frequency. 

[0023] Transmission/reception switching section 124 
switches transmission/reception antenna 123 for a 
transmission site and a transmission site to connect. 
The transmission signal 142 is transmitted from trans- 
mission/reception antenna through transmission/recep- 
tion switching section 124 to a mobile station (not 
shown). 

[0024] The reception frequency conversion section 
112 converts received signal 431 with radio frequency 
into signal 144 with baseband frequency. The received 
signal 431 is received at transmission/reception 
antenna 123 and transmitted through transmis- 
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sion/reception switching section 124 to the section 1 12. 
[0025] AID conversion section 1 1 3 converts the signal 
144 with baseband frequency into digital received signal 
145. Allocating section 114 allocates digital received 
signal 145 to channel signals 146, 147 and 148. s 
[0026] Correlation detection sections 115 to 117 
detect correlation of reverse link common dedicated 
channel signals 146 to 148 respectively. Decoding sec- 
tions 119 to 121 decode correlation detection channel 
signals 149, 150 and 151 to output channel decoded 10 
signals 152, 153 and 154. Control section 125 controls 
over each section described above. 
[0027] In a configuration described above, forward link 
common channel (such as synchronization control 
channel) signals 131 to 133 are coded and constructed is 
into frames at coding sections 101 to 103 and output to 
spreading sections 105 to 107 respectively. The coding 
may be an error correction coding, and in this case, 
interleaving processing is also executed. 
[0028] Spreading sections 105 to 107 respectively 20 
spread coded channel signals 1 34 to 1 36 with a spread- 
ing code to output spread signals 137 to 139 to multi- 
plexing section 109. The spreading code may be 
assigned from control section 125. 
[0029] Multiplexing section 109 provides spread sig- 25 
nals 1 37 to 1 39 at time slots to multiplex according to an 
instruction from control section 125. At this stage, chan- 
nel signals provided at the same time slot are multi- 
plexed. In the case where the multiplexing processing is 
executed, a transmission power control may be per- 30 
formed to control an amplitude of each of channel 
spread signals 137 to 139. 

[00301 Digital multiplexed signal 140 is converted into 
analogue signal 141 in D/A conversion section 110. The 
analogue signal 141 is converted into transmission sig- 3s 
nal 142 with radio frequency in transmission frequency 
conversion section 111. The transmission signal 142 is 
transmitted from transmission/reception antenna 123 
through transmission/reception switching section 124. 
[0031] At this stage, transmission/reception switching 40 
section 124 connects transmission/reception antenna 
123 to transmission frequency conversion section 111 
for a forward link time slot and to reception frequency 
conversion section 112 for a reverse link time slot 
according to an instruction from control section 125. 45 
[0032] On the other hand, reception signal 1 43, which 
is received at transmission/reception antenna 123 from 
a mobile station, is input to reception frequency conver- 
sion section 1 12 through transmission/reception switch- 
ing section 124. Reception frequency conversion so 
section 112 converts the received signal 143 with radio 
frequency into signal 144 with baseband frequency. 
[0033] A/D conversion section 113 converts the ana- 
logue signal 144 with baseband frequency into digital 
signal 145 to output to allocating section 114. Allocating 55 
section 114 divides the digital signal 145 into reverse 
common control channel signals 146 to 148 according 
to an instruction of control section 125 to output to cor- 



relation detection sections 1 1 5 to 1 1 7 respectively. 
[0034] Correlation detection-sections 115 to 117 
despread the reverse common control channel signals 
1 46 to 1 48 to detect correlation of a received signal with 
a spreading code. Each spreading code may be 
instructed by control section 125, 
[0035] Detected correlation values (correlation sig- 
nals) 149 to 151 are respectively output to decoding 
sections 119 to 121, which decode reverse common 
control channel signals based on correlation values 149 
to 1 51 . At this stage, when a mobile station executes an 
error correction coding for a reverse link, an error cor- 
rection decoding with deinterleaving processing is exe- 
cuted. 

[0036] In addition, each common section may be pro- 
vided to use for all channels according to time slots 
instead of using coding sections 101 to 103, spreading 
sections 105 to 107, correlation detection sections 115 
to 1 1 7, and decoding sections 1 1 9 to 121 . 
[0037] An assignment control of time slots is 
explained from among controls executed by control sec- 
tion 125 with reference to FIG. 3. FIG.3 is a frame dia- 
gram illustrating an assignment of time slots at a 
communication frame in a CDMA/TDD mobile commu- 
nication system. The assignment illustrates an example 
where one frame 201 is divided into 16 time slots 0 to 
15. 

[0038] In FIG.3, 202 indicates a time slot at which a 
forward link common control channel signal and a for- 
ward link user information channel signal are provided, 
203 indicates a time slot at which only a forward link 
user information channel signal is provided, and 204 
indicates a time slot at which a reverse link channel sig- 
nal is provided. 

[0039] Control section 1 25 first compares an informa- 
tion volume of Ihe forward link with that of reverse link 
and determines the numbers of time slots to be 
assigned to the forward link and the reverse link At this 
point, the number of time slots necessary to transmit a 
forward link common control channel signal including a 
synchronization control channel signal is primarily 
assigned to the forward link. The other time slots are 
assigned to the forward link and reverse link taking the 
information volumes into consideration. 
[0040] Then, the forward link common control channel 
signal including the synchronization control channel sig- 
nal is provided at a time slot at a predetermined time 
slots interval at a frame, accordingly the time slot is 
assigned for a forward link time slot. 
[0041] Further, the rest of forward link time slots are 
provided at the frame. At this point, the forward link time 
slots are provided primarily at time slots except for those 
following just after the forward link time slots to transmit 
control channel signals including synchronization con- 
trol channel signals. Then the other time slots are 
assigned for the reverse link time slots. 
[0042] In the forward link time slots at which forward 
link common control channel signals including synchro- 
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nization control channel signals are provided, the for- 
ward link common control channel signals may be not 
only provided, but also other forward link channel sig- 
nals may be provided. In this case, a plurality of channel 
signals provided in the time slot are multiplexed to trans- 
mit. 

[0043] FIG.3 illustrates examples of assigning sixteen 
time slots at a frame. 

(A} in FIG.3 illustrates the case where four time 
slots 0, 4, 8 and 12 are assigned for forward link 
time slots, and the other twelve time slots are 
assigned for reverse link time slots. 

(B) in FIG.3 illustrates the case where eight time 
slots are assigned for forward link time slots, and 
the other eight time slots are assigned for reverse 
link time slots. The times slots 0, 4, 8 and 12 are 
assigned for forward link time slots to transmit for- 
ward link common control channel signals including 
synchronization control channel signals and the 
time slots 2, 6, 10 and 14 are further assigned for 
forward link time slots. The time slots 1, 3, 5, 7, 9, 
11, 13 and 15 are assigned for reverse link time 
slots. 

(C) in FIG.3 illustrates the case where twelve time 
slots are assigned for forward link time slots, and 
the other four time slots are assigned for reverse 
link time slots. The time slots 0, 4, 8 and 12 are 
assigned for forward link time slots to transmit for- 
ward link common control channel signals including 
synchronization control channel signals and the 
time slots 2, 3, 6, 7, 10, 11, 14 and 15 are further 
assigned for forward link time slots. The time slots 

1, 5, 9, and 13 are assigned for reverse link time 
slots. 

(D) in FIG.3 illustrates the case where fifteen time 
slots are assigned for forward link time slots, and 
the other one time slot is assigned for a reverse link 
time slot. The time slots 0, 4, 8 and 12 are assigned 
for the forward link time slots to transmit forward link 
common control channel signals including synchro- 
nization control channel signals and the time slots 

2, 3, 5, 6, 7, 9, 10, 11, 13, 14 and 15 are further 
assigned for forward link time slots. The time slot 1 
is assigned for the reverse link time slot. 

[0044] In (c) and (D) in FIG.3, the reverse link time 
slots are positioned just after the time slots assigned for 
forward link time slots to transmit common control chan- 
nel signals including synchronization control channel 
signals. As a result, in the case where a closed-loop 
control is performed in the system, it is possible for a 
mobile station to control transmission power using a 
TPC bit contained in the control channel signal in the 
received forward link common control channel signal. 
Accordingly, the mobile station can respond rapidly to a 
propagation environment such as fading. 
[0045] The assignment of time slots may be changed 



manually corresponding to a change of an information 
volume, or changed automatically according to the 
change of the information volume caused by a new con- 
nection or a break, or at predetermined intervals. 

s [0046] A mobile station acquires synchronization with 
a base station when it is turned on by first despreading 
a received signal with a spreading code used in the syn- 
chronization control channel signal to detect the syn- 
chronization control channel signal. 

10 [0047] Under such condition, the mobile station does 
not know an assignment of time slots for a forward link 
and a reverse link when it is turned on, however knows 
in advance that a synchronization control channel signal 
is positioned once every four slots with three time slots 

is inserted. Therefore, the mobile station can detect a tim- 
ing of the synchronization control channel signal by inte- 
grating correlation values over every four time slots 
interval. 

[0048] The mobile station decodes the common con- 
so trol channel signal including the synchronization control 
channel signal using the detected timing in order to rec- 
ognize positions of forward link time slots and reverse 
link time slots and time slots assigned to each channel. 
[0049] Then the mobile station performs connection 
25 processing using the recognized common control chan- 
nel and dedicated control channel to establish a user 
information channel. Signals of user information chan- 
nel between a mobile station and a base station are pro- 
vided differently for a forward link and a reverse link at a 
30 frame 20 1 . Therefore, the time difference between a for- 
ward link user information channel time slot and a 
reverse link user information channel time slot is some- 
times large with the other many time slots inserted 
between those time slots. 
35 [0050] In the case of performing a reverse link trans- 
mission power control using an open-loop control, since 
the correlation characteristic of propagation path condi- 
tions of a forward link and a reverse link is used, the 
large time difference introduces the low correlation 
40 characteristic, resulting in a reduced accuracy of the 
transmission power control. 

[0051 ] However, since the forward link common con- 
trol channel signal is transmitted every four time slots, 
when a reception quality is measured using the forward 

45 link common control channel signal and the transmis- 
sion power control is performed based on the measured 
reception quality, the time difference between the for- 
ward link time slot used to measure the reception quality 
and the reverse link time slot to be transmitted under the 

so transmission power control are a two time slots time at 
maximum, thereby enabling an efficient transmission 
power control. 

[0052] In addition, It is preferable to use the arbitrary 
number of time slots composing a frame other than six- 
55 teen. It is also preferable to provide a forward link com- 
mon control channel signal every arbitrary number of 
time slots other than every four time slots. It is further 
preferable to provide a forward link common control 
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channel signal at a predetermined periodical pattern 
other than at equal intervals. 

[0053] As described above, according to the first 
embodiment, under the control of control section 125 in 
base station 1 00, some of time slots at a communication s 
frame are assigned primarily to fixed forward link time 
slots at predetermined intervals and the other time slots 
are allocated to forward link time slots and reverse link 
time slots corresponding to a ratio of the total informa- 
tion volume of the reverse link to that of the forward link 10 
in a system, in order to transmit a control channel signal 
including a synchronization control channel signal using 
the fixed forward link time slot and transmit traffic chan- 
nel signals of forward link and reverse link respectively 
using the forward link time slots and the reverse link is 
time slots that are allocated according to the number of 
time slots respectively required corresponding to the 
respective information volume. The above processing 
makes it possible to shorten a time for a mobile station 
to acquire synchronization with a base station even so 
when an assignment of time slots for forward and 
reverse links is changed corresponding to the informa- 
tion volumes of forward link and reverse link in the case 
where the information volumes are asymmetry, thereby 
enabling an open-loop controlled transmission power 25 
control to function effectively. (Second embodiment) 
[0054] FIG.4 is a frame diagram illustrating an assign- 
ment of time slots at a communication frame applied in 
a CDMA/TDD mobile communication system according 
to the second embodiment of the present invention. 30 
[0055] FIG.4 illustrates an example where one frame 
301 is divided into sixteen time slots 0 to 15. In FIG.4, 
the reference number 302 indicates a time slot at which 
a forward link common control channel signal and a for- 
ward link user information channel signal are provided, 35 
the reference number 303 indicate a time slot at which 
only a forward link user information channel signal is 
provided, and the reference number 304 indicate a time 
slot at which a reverse link channel signal is provided. 
[0056] Control section 1 25 of base station 100 illus- <o 
trated in FIG.2 first compares an information volume of 
the forward link with that of reverse link and determines 
the numbers of time slots to be assigned to the forward 
link and the reverse link. 

[0057] At this point, the number of time slots neces- 45 
sary to transmit a forward link common control channel 
signal including a synchronization control channel sig- 
nal is primarily assigned to the forward link. The other 
time slots are assigned to the forward link and reverse 
link taking the information volumes into consideration. so 
[0058] Then, the forward link common control channel 
signal including the synchronization control channel sig- 
nal is provided at a slot every two slots with a slot 
inserted, accordingly the time slot is assigned for a for- 
ward link time slot. Further, the other forward link time ss 
slots are provided at the frame, and the rest of the time 
slots are assigned for reverse link time slots. 
[0059] In the forward link time slots at which forward 



link common control channel signals including synchro- 
nization control channel signals are provided, the for- 
ward link common control channel signals including 
synchronization control channel signals may be not only 
provided, but also other forward link channel signals 
may be provided. In this case, a plurality of channel sig- 
nals provided in the same time slot are multiplexed to 
transmit. 

(A) in FIG.4 illustrates the case where eight time 
slots are assigned for forward link time slots , and 
the other eight time slots are assigned for reverse 
link time slots. The time slots 0, 2, 4, 6, 8, 10, 12 
and 14 are assigned for forward link time slots to 
transmit forward link common control channel sig- 
nals including synchronization control channel sig- 
nals, and the time slots 1 , 3, 5, 7, 9, 1 1 , 13 and 15 
are assigned for reverse link time slots. 

(B) in FIG.4 illustrates the case where twelve time 
slots are assigned for forward link time slots, and 
the other eight time slots are assigned for reverse 
link time slots. The time slots 0, 2, 4, 6, 8, 10, 12 
and 14 are assigned for forward link time slots to 
transmit forward link common control channel sig- 
nals including synchronization control channel sig- 
nals and the time slots 1, 5, 9 and 13 are further 
assigned for forward link time slots. The time slots 
3, 7, 11, and 15 are assigned for reverse link time 
slots. 

(C) in FIG.4 illustrates the case where fourteen time 
slots are assigned for forward link time slots, and 
the other two time slots are assigned for reverse 
link time slots. The time slots 0, 2, 4, 6, 8, 10, 12 
and 14 are assigned for forward link time slots to 
transmit forward link common control channel sig- 
nals including synchronization control channel sig- 
nals and the time slots 1, 3, 5, 9. 11 and 13 are 
further assigned for forward link time slots. The time 
slots 7 and 15 are assigned for reverse link time 
slots. 

(D) in FIG.3 illustrates the case where fifteen time 
slots are assigned for forward link lime slots, and 
the other one slot is assigned for a reverse link time 
slot. The time slots 0, 2, 4, 6, 8, 10, 12 and 14 are 
assigned for forward link time slots to transmit for- 
ward link common control channel signals including 
synchronization control channel signals and the 
time slots 1, 3, 5, 7, 9, 11 and 13 are further 
assigned for forward link time slots. The time slot 1 5 
is assigned for a reverse link time slot. 

[0060] As describe above, in FIG.4, time slots pro- 
vided just after time slots to transmit forward link com- 
mon control channel signals including synchronization 
control channel signals are always reverse link time 
slots. 

[0061 ] In other words, by providing one of time slots to 
transmit forward link common control channel signals 
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including synchronization control channel signals every 
two time slots, i.e.. with one other time slot inserted 
between those, even when reverse time slots are pro- 
vided in any time slots, it is configured that the time slots 
just before the reverse link time slots are always the for- 
ward link time slots to transmit common control channel 
signals including synchronization control channel sig- 
nals. 

[0062] Therefore, in the case where a closed-loop 
control is performed in the system, it is possible for a 
mobile station to control transmission power using a 
TPC bit contained in the control channel signal in the 
received forward link common control channel signal. 
Accordingly, the mobile station can respond rapidly to a 
propagation environment such as fading. 
[0063] The assignment of time slots may be changed 
manually corresponding to a change of an information 
volume, or changed automatically according to the 
change of the information volume caused by a new con- 
nection or a break, or at predetermined intervals. 
[0064] Under such condition, a mobile station (not 
shown) acquires synchronization with a base station 
when it is turned on by first despreading a received sig- 
nal with a spreading code used in the synchronization 
control channel signal to detect the synchronization 
control channel signal. 

[0065] The mobile station does not know an assign- 
ment of time slots for a forward link and a reverse link 
when it is turned on, however the mobile station can 
detect a timing of the synchronization control channel 
signal by integrating correlation values over every two 
time slots interval. 

[0066] Then, the mobile stab ion decodes the com- 
mon control channel signal including the synchroniza- 
tion control channel signal using the detected timing in 
order to recognize positions of forward link time slots 
and reverse link time slots and time slots assigned to 
each channel, and performs connection processing 
using the recognized common control channel and ded- 
icated control channel to establish a user information 
channel. 

[0067] User information channel slots between a 
mobile station and a base station are positioned differ- 
ently for forward link and reverse link at a frame. There- 
fore, the time difference between a forward link user 
information channel time slot and a reverse link user 
information channel time slot is sometimes large with 
the other many time slots inserted between those time 
slots. 

[0068] In the case of performing a reverse link trans- 
mission power control using an open-loop control, the 
large time difference introduces the low correlation 
characteristic of propagation path conditions of the for- 
ward link and reverse link, resulting in a reduced accu- 
racy of the transmission power control. However, since 
the common control channel is transmitted once every 
two slots, when the transmission power control is per- 
formed based on the reception quality obtained by using 



the received common control channel, it is possible to 
use the reception quality of the forward link time slot just 
before the reverse link time slot to be transmitted under 
the transmission power control, thereby enabling an 

5 effective transmission power control. In addition, it is 
also preferable to use the arbitrary number of time slots 
composing a frame other than sixteen. As described 
above, according to the second embodiment, a time slot 
in every two slots is assigned for a fixed forward link 

w time slot and the other time slots are allocated for for- 
ward link time slots and reverse link time slots corre- 
sponding to a ratio of the total information volume of 
forward link to that of the reverse link in a system, in 
order to transmit a control channel signal including a 

is synchronization control channel signal using the fixed 
forward link time slot and transmit traffic channel signals 
of forward link and reverse link respectively using the 
forward link time slots and the reverse link time slots that 
are allocated according to the number of time slots 

so respectively required corresponding to the respective 
information volume. The above processing makes it 
possible to shorten a time for a mobile station to acquire 
synchronization with a base station even when an 
assignment of time slots for forward and reverse links is 

25 changed corresponding to the information volumes of 
forward link and reverse link when the information vol- 
umes are asymmetry, thereby enabling an open-loop 
controlled transmission power control to function effec- 
tively. 

30 

(Third embodiment) 

[0069] FIG. 5 is a frame diagram illustrating an assign- 
ment of time slots at a communication frame applied in 

35 a CDMA/TDD mobile communication system according 
to the third embodiment of the present invention. 
[0070] FIG.5 illustrates an example where one frame 
401 is divided into sixteen time slots 0 to 15. In FIG.5, 
the reference number 402 indicates a time slot at which 

40 a forward link common control channel signal and a for- 
ward link user information channel signal are provided, 
the reference number 403 indicates a time slot at which 
a forward link user information channel signal is pro- 
vided, and the reference number 404 indicates a time 

45 slot at which a reverse link channel signal is provided. 
[0071] Control section 125 of base station 100 illus- 
trated in FK3.2 lirst compares an information volume of 
the forward link with that of reverse link and determines 
the numbers of time slots to be assigned to the forward 

so link and the reverse link. 

[0072] At this point, the number of time slots neces- 
sary to transmit a forward link common control channel 
signal including a synchronization control channel sig- 
nal is primarily assigned to the forward link. The other 

55 time slots are assigned to the forward link and reverse 
link taking the information volumes into consideration. 
[0073] Then, the forward link common control channel 
signal including the synchronization control channel sig- 



7 



13 



EP 0 948 221 A2 



14 



nal is provided at a slot every eight time slots with seven 
time slots inserted, accordingly the time slot is assigned 
for a forward link time slot. Further, the other forward link 
time slots are provided at the frame, and the rest of time 
slots are assigned for reverse link time slots. 
[0074] In the forward link time slots at which forward 
link common control channel signals including synchro- 
nization control channel signals are provided, the for- 
ward link common control channel signals including 
synchronization control channel signals may be not only 
provided, but also other forward link channel signals 
may be provided. In this case, a plurality of channel sig- 
nals provided in the same time slot are multiplexed to 
transmit. 

(A) in FIG.5 illustrates the case where two time 
slots are assigned for forward link time slots, and 
the other fourteen time slots are assigned for 
reverse link time slots. The time slots 0 and 8 are 
assigned for forward link time slots to transmit for- 
ward link common control channel signals including 
synchronization control channel signals. The other 
time slots 1 to 7 and 9 to 15 are assigned tor 
reverse link time slots. 

(B) in FIG.5 illustrates the case where eight time 
slots are assigned for forward link time slots, and 
the other eight time slots are assigned for reverse 
link time slots. The time slots 0 and 8 are assigned 
for forward link time slots to transmit forward link 
common control channel signals including synchro- 
nization control channel signals and the time slots 
2, 4, 6, 10, 12 and 14 are further assigned for for- 
ward link time slots. The time slots 1 , 3, 5, 7, 9, 1 1 , 
1 3 and 1 5 are assigned for reverse link time slots. 
(G) in FIG.5 illustrates the case where twelve time 
slots are assigned for forward link time slots, and 
the other four time slots are assigned for reverse 
link time slots. The time slots 0 and 8 are assigned 
for forward link time slots to transmit forward link 
common control channel signals including synchro- 
nization control channel signals and the time slots 
2, 3. 4, 6, 7, 10. 11, 12, 14 and 15 are further 
assigned for forward link time slots. The time slots 
1, 5, 9 and 13 are assigned for reverse link time 
slots. 

(D) in FIG.5 illustrates the case where fifteen time 
slots are assigned for forward link time slots, and 
the other one time slot is assigned for a reverse link 
time slot. The time slots 0 and 8 are assigned for 
forward link time slots to transmit forward common 
control channel signals including synchronization 
control channel signals and the time slots 2 to 7 and 
9 to 15 are further assigned for forward link time 
slots. The other time slot 15 is assigned for a 
reverse link time slot. 

[0075] As describe above, in FIG.5, time slots pro- 
vided just after time slots to transmit forward link com- 



mon control channel signals including synchronization 
control channel signals are always reverse link time 
slots. 

[0076] In other words, by providing one of time slots to 
5 transmit forward link common control channel signals 
including synchronization control channel signals every 
eight time slots, i.e., with seven other time slots inserted 
between those, even though reverse time slots are pro- 
vided at any time slots, it is configured that the time slot 
10 just before at least one of the reverse link time slots at a 
frame is always a forward link time slot to transmit com- 
mon control channel signals including synchronization 
control channel signals. 

[0077] Therefore, in the case where a closed-loop 

15 control is performed in the system, it is possible for a 
mobile station to control transmission power using a 
TPC bit contained in the control channel signal in the 
received forward link common control channel signal. 
Accordingly, the mobile station can respond rapidly to a 

20 propagation environment such as lading. 

[0078] The assignment of time slots may be changed 
manually corresponding to a change of an information 
volume, or changed automatically according to the 
change of the information volume caused by a new con- 

ss nection or a break, or at predetermined intervals. 

[0079] Under such condition, a mobile station (not 
shown) acquires synchronization with a base station 
when it is turned on by first despreading a received sig- 
nal with a spreading code used in the synchronization 

30 control channel signal to detect the synchronization 
control channel signal. 

[0080] The mobile station does not know an assign- 
ment of time slots for a forward link and a reverse link 
when H is turned on, however the mobile station can 
35 detect a timing of the synchronization control channel 
signal by integrating correlation values over every eight 
time slots intervals. 

[0081 ] Then, the mobile station decodes the common 
control channel signal including the synchronization 

40 control channel signal using the detected timing in order 
to recognize positions of forward link time slots and 
reverse link time slots and time slots assigned to each 
channel, and performs connection processing using the 
recognized common control channel and dedicated 

45 control channel to establish a user information channel. 
[0082] User information channel slots between a 
mobile station and a base station are positioned differ- 
ently for forward link and reverse link at a frame. There- 
fore, the time difference between a forward link user 

so information channel time slot and a reverse link user 
information channel time slot is sometimes large with 
the other many time slots inserted between those time 
slots. In the case of performing a reverse link transmis- 
sion power control using an open-loop control, the large 

55 time difference introduces the low correlation character- 
istic of propagation path conditions of the forward link 
and reverse link, resulting in a reduced accuracy of the 
transmission power control. However, since the com- 
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mon control channel is transmitted once every eight 
slots, when the transmission power control is performed 
based on the reception quality obtained by using the 
received common control channel, it is possible to use 
the reception quality of the forward link time slot just 5 
before the reverse link time slot to be transmitted under 
the transmission power control, thereby enabling an 
effective transmission power control. In addition, it is 
also preferable to use the arbitrary number of time slots 
composing a frame other than sixteen. As described 10 
above, according to the third embodiment, a time slot in 
every eight slots is assigned for a fixed forward link time 
slot and the other time slots are allocated for forward 
link time slots and reverse link time slots corresponding 
to a ratio of the total information volume of reverse link 15 
to that of the forward link in a system, in order to trans- 
mit a control channel signal including a synchronization 
control channel signal using the fixed forward link time 
slot and transmit traffic channel signals of forward link 
and reverse link respectively using the forward link time 20 
slots and the reverse link time slots that are allocated 
according to the number of time slots respectively 
required corresponding to the respective information 
volume. The above processing makes it possible to 
shorten a time for a mobile station to acquire synchroni- 2 s 
zation with a base station even when an assignment of 
time slots for forward and reverse links is changed cor- 
responding to the information volumes of forward link 
and reverse link in the case where the information vol- 
umes are asymmetry, thereby enabling an open-loop 30 
controlled transmission power control to function effec- 
tively. In this case, it is possible to obtain many varia- 
tions of allocation configuration of the number of forward 
link time slots and the number of reverse link time slots. 

35 

(Fourth embodiment) 

[0083] FIG.6 is a frame diagram illustrating an assign- 
ment of time slots at a communication frame applied in 
a CDMA/TDD mobile communication system according 40 
to the fourth embodiment of the present invention. 
[0084] FIG. 6 illustrates an example where one frame 
501 is divided into sixteen time slots 0 to 15. In FIG.6, 
the reference number 502 indicates a time slot at which 
a forward link common control channel signal and a for- 45 
ward link user information channel signal are provided, 
the reference number 503 indicates a time slot at which 
a forward link user information channel signal is pro- 
vided, and the reference number 504 indicates a time 
slot at which a reverse link channel signal is provided. so 
[0085] Control section 125 of base station 100 illus- 
trated in FIG.2 first compares an information volume of 
the forward link with that of reverse link and determines 
the numbers of time slots to be assigned to the forward 
link and the reverse link. 55 
[0086] At this point, the number of time slots neces- 
sary to transmit a forward link common control channel 
signal including a synchronization control channel sig- 
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nal is primarily assigned to the forward link. The other 
time slots are assigned to the forward link and reverse 
link taking the information volumes into consideration. 
[0087] Then, the forward link common control channel 
signal including the synchronization control channel sig- 
nal is provided at a slot in every sixteen slots, accord- 
ingly the time slot is assigned for a forward link time slot. 
Further, the other forward link time slots are provided at 
the frame, and the rest of time slots are assigned for 
reverse link time slots. 

[0088] In the forward link time slots at which forward 
link common control channel signals including synchro- 
nization control channel signals are provided, the for- 
ward link common control channel signals including 
synchronization control channel signals may be not only 
provided, but also other forward link channel signals 
may be provided. In this case, a plurality of channel sig- 
nals provided in the time slot are multiplexed to transmit. 

(A) in FIG.6 illustrates the case where one time slot 
is assigned for a forward link time slot, and the other 
fifteen time slots are assigned for reverse link time 
slots. The time slot 0 is assigned for a forward link 
time slot to transmit forward link common control 
channel signals including synchronization control 
channel signals. The other time slots 1 to 15 are 
assigned for reverse link time slots. 

(B) in FiG.4 illustrates the case where eight time 
slots are assigned for forward link time slots, and 
the other eight time slots are assigned for reverse 
link time slots. The time slot 0 is assigned for a for- 
ward link time slot to transmit forward link common 
control channel signals including synchronization 
control channel signals and the time slots 2, 4, 6, 8, 
10, 12 and 14 are further assigned for forward link 
time slots. The time slots 1 , 3, 5, 7, 9, 1 1 , 1 3 and 15 
are assigned for reverse link time slots. 

(C) in FIG.6 illustrates the case where twelve time 
slots are assigned for forward link time slots, and 
the other four time slots are assigned for reverse 
link time slots. The time slot 0 is assigned for a for- 
ward link time slot to transmit common control 
channel signals including synchronization control 
channel signals and the time slots 2, 3, 4, 6, 7, 8, 
10, 11, 12, 14 and 15 are further assigned for for- 
ward link time slots. The time slots 1, 5, 9 and 13 
are assigned for reverse link time slots. 

(D) in FIG.3 illustrates the case where fifteen time 
slots are assigned for forward link time slots, and 
the other one time slot is assigned for reverse link 
time slots. The time slot 0 is assigned for a forward 
link time slot to transmit common control channel 
signals including synchronization control channel 
signals and the time slots 2 to 15 are further 
assigned for forward link time slots. The time slot 1 
is assigned for a reverse link time slot. 

[0089] As describe above, in FIG.6, time slots pro- 
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vided just after time slots to transmit forward link com- 
mon control channel signals including synchronization 
control channel signals are always reverse link time 
slots. 

[0090] In other words, by providing one of time slots to 
transmit forward link common control channel signals 
including synchronization control channel signals every 
sixteen time slots, i.e., with fifteen other time slots 
inserted between those, even though reverse time slots 
are provided in any time slots, it is configured that the 
time slot just before at least one of the reverse link time 
slots at a frame is always a forward link time slot to 
transmit common control channel signals including syn- 
chronization control channel signals. 
[0091] Therefore, in the case where a closed-loop 
control is performed in the system, it is possible for a 
mobile station to control transmission power using a 
TPC bit contained in the control channel signal in the 
received forward link common control channel signal. 
Accordingly the mobile station can respond rapidly to a 
propagation environment such as fading. 
[0092] The assignment of time slots may be changed 
manually corresponding to a change of an information 
volume, or changed automatically according to the 
change of the information volume caused by a new con- 
nection or a break, or at predetermined intervals. 
[0093] Under such condition, a mobile station (not 
shown) acquires synchronization with a base station 
when it is turned on by first despreading a received sig- 
nal with a spreading code used in the synchronization 
control channel signal to detect the synchronization 
control channel signal. 

[0094] The mobile station does not know an assign- 
ment of tme slots for a forward link and a reverse link 
when it is turned on, however the mobile station can 
detect a timing of the synchronization control channel 
signal by integrating correlation values over every fif- 
teen time slots intervals. 

[0095] Then, the mobile station decodes the common 
control channel signal including the synchronization 
control channel signal using the detected timing in order 
to recognize positions of forward link time slots and 
reverse link time slots and time slots assigned to each 
channel, and performs connection processing using the 
recognized common control channel and dedicated 
control channel to establish a user information channel. 
[0096] User information channel slots between a 
mobile station and a base station are positioned differ- 
ently for forward link and reverse link at a frame. There- 
fore, the time difference between a forward link user 
information channel time slot and a reverse link user 
information channel time slot is sometimes large with 
the other many time slots inserted between those time 
slots. 

[0097] In the case of performing a reverse link trans- 
mission power control using an open-loop control, the 
large time difference introduces the low correlation 
characteristic of propagation path conditions of the for- 



ward link and reverse link, resulting in a reduced accu- 
racy of the transmission power control. However, since 
the common control channel is transmitted once every 
sixteen slots, when the transmission power control is 

5 performed based on the reception quality obtained by 
using the received common control channel, it is possi- 
ble to use the reception quality of the forward link time 
slot just before the reverse link tme slot to be transmit- 
ted under the transmission power control, thereby ena- 

10 bling an effective transmission power control. In 
addition, it is also preferable to use the arbitrary number 
of time slots composing a frame other than sixteen. As 
described above, according to the fifth embodiment, a 
time slot in every sixteen slots is assigned for a fixed for- 

75 ward link time slot and the other time slots are allocated 
for forward link time slots and reverse link time slots cor- 
responding to a ratio of the total information volume of 
reverse link to that of the forward link in a system, in 
order to transmit a control channel signal including a 

20 synchronization control channel signal using the fixed 
forward link time slot and transmit traffic channel signals 
of forward link and reverse link respectively using the 
forward linktime slots and the reverse link time slots that 
are allocated according to the number of time slots 

2s respectively required corresponding to the respective 
information volume. The above processing makes it 
possible to shorten a time for a mobile station to acquire 
synchronization with a base station even when an 
assignment of time slots for forward and reverse links is 

30 changed corresponding to the information volumes of 
forward link and reverse link in the case where the infor- 
mation volumes are asymmetry, thereby enabling an 
open-loop controlled transmission power control to 
function effectively. In this case, it is possible to ordain 

35 many variations of allocation configuration of the 
number of forward link time slots and the number of 
reverse link time slots. 

(Fifth embodiment) 

40 

[0098] FIG.7 is block diagram of a mobile station as an 
example of communication terminal devices in a 
CDMA/TDD mobile communication system according to 
the fifth embodiment of the present invention. 

45 [0099] Mobile station 600 illustrated in FIG.7 is com- 
posed of coding section 601, spreading section 602, 
amplifying section 603, D/A conversion section 640, 
transmission frequency conversion section 605, recep- 
tion frequency conversion section 606, A/D conversion 

so section 607, allocating section 608, correlation detec- 
tion section 61 1 including first correlation detection sec- 
tion 609, and second correlation detection section 610, 
decoding section 614 including first decoding section 
612 and second decoding section 613, transmis- 

55 sion/reception antenna 615, transmission/reception 
switching section 616 and control section 617. 
[0100] Coding section 601 codes reverse link channel 
signal 621 . Spreading section 602 spreads coded signal 
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622. Amplifying section 603 amplifies spread signal 
623. 

[0101] D/A conversion section 604 converts digital 
amplified signal 624 into analogue signal 625. Trans- 
mission frequency conversion section 605 converts the 
analogue signal 625 into transmission signal 626 with 
radio frequency. 

[0102] Transmission/reception switching section 616 
switches transmission/reception antenna 615 for a 
transmission site and a transmission site to connect. 
The transmission signal 626 is transmitted from trans- 
mission/reception antenna 615 through transmis- 
sion/reception switching section 616 to a base station 
illustrated in FIG.2 by radio communication. 
[0103] Reception frequency conversion section 606 
converts received signal 627 with radio frequency into 
signal 628 with baseband frequency. The received sig- 
nal 627 is received at transmission/reception antenna 
615 and transmitted through transmission/reception 
switching section 616 to the section 606. 
[01 04] A/D conversion section 607 converts the signal 
628 with baseband frequency into digital received signal 
629. Allocating section 608 allocates the digital received 
signal 629 to channel signals 630 and 631 . 
[0105] Correlation detection sections 609 and 610 
detect respectively forward link common dedicated 
channel signals 630 and 631. Decoding sections 612 
and 613 decode channel correlation detection signals 
632 and 633 to output channel decoded signals 634 and 
635 respectively. Control section 61 7 controls over each 
section described above. 

[01 06] In a configuration described above, reverse link 
channel signal 612 is coded and constructed into 
frames at coding section 602 and output to spreading 
section 602. The coding may be an error correction cod- 
ing, and in this case, interleaving processing is also exe- 
cuted. 

[0107] Spreading section 602 spreads coded signal 

622 with a spreading code and outputs spread signal 

623 to amplifying section 603. The spreading code may 
be assigned from control section 617. 

[01 08] Amplifying section 603 provides the spread sig- 
nal 623 at a time slot assigned according to an instruc- 
tion from control section 61 7 and performs transmission 
power control by amplifying or decreasing an amplitude 
of the spread signal 623 according to an instruction 
from control section 617 to output to D/A conversion 
section 604. 

[0109] D/A conversion section 604 converts digital 
amplified 624 into analogue signal 625 to output to 
transmission frequency conversion section 605. Trans- 
mission frequency conversion section 605 converts the 
analogue signal 625 into transmission signal 626 with 
radio frequency to output to transmission/reception 
switching section 616. 

[0110] Transmission/reception switching section 616 
connects transmission/reception antenna 615 to trans- 
mission frequency conversion section 605 for a reverse 



linktime slot and to reception frequency conversion sec- 
tion 606 for a forward link time slot according to an 
instruction from control section 617. 
[01 1 1] In other words, with respect to reverse link time 
s slots, transmission signal 626, which is subjected to the 
conversion of frequency into the radio frequency at 
reception frequency conversion section 605, is transmit- 
ted from transmission/reception antenna 123 to a base 
station 100. 

10 [01 1 2] On the other hand, with respect to forward link 
time slots, received signal 627 that is received at trans- 
mission/reception antenna 123 is input to reception fre- 
quency conversion section 606. 
[01 1 3] Reception frequency conversion section 606 

15 converts the received signal 627 with radio frequency 
into received signal 628 with baseband frequency to 
output to A/D conversion section 607. A/D conversion 
section 607 converts the analogue signal 628 into digital 
signal 629 to output to allocating section 608. 

20 [01 1 4] Allocating section 608 divides digital signal 629 
into signals 630 and 631 according to an instruction 
from control section 61 7 to output to correlation detec- 
tion sections 609 and 610 respectively. 
[0115] Correlation detection sections 609 and 610 

25 despread divided signals 630 and 631 respectively to 
detect correlation of a received signal with a spreading 
code and obtain correlation values 632 and 633 respec- 
tively. Each spreading code may be instructed from con- 
trol section 125. Detected correlation values 632 and 

30 633 are respectively output to decoding sections 612 
and 613, while output to control section 617. 
[0116] Decoding sections 612 and 613 decode for- 
ward common control channel signals 634 and 635 
using correlation values 632 and 633. At this point, 

35 when base station 100 executes an error correction 
coding for a forward link, an error correction decoding 
with deinterleaving processing is executed. 
[01 17] In addition, each common section may be pro- 
vided to use for all channels according to time slots 

40 instead of using correlation detection sections 609 and 
610, and decoding sections 612 and 613. 
[01 1 8] The following description will explain a manner 
how a mobile station acquires synchronization with a 
base station when it is turned on with reference to the 

45 case illustrated in FIG.2 where a time slot to transmit a 
forward link common control channel signal including a 
synchronization control channel signal is provided once 
every four time slots with three other time slots inserted. 
[01 1 9] When mobile station 600 is turned on, it does 

so not know an assignment and timing of time slots for 
reverse link and forward link because it does not acquire 
synchronization with a base station yet. 
[0120] Then mobile station 600, as illustrated in FIG.8, 
integrates a correlation value of a received signal with a 

55 spreading code of forward link synchronization control 
channel at each sample timing within a four time slots 
length 701 starting from an arbitrary time t1 and repeats 
the integration at four time slots intervals. 
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[0121] When the number of integration times is 
increased, since noise component is reduced, it is 
detected that an integration value of correlation value at 
sampling timing 702 illustrated in FIG.8 that conforms to 
a timing of the synchronization control channel signal 
becomes larger than that at other sampling timing. 
[0122] However, as the number of integration times is 
too increased, a sampling timing by mobile station 600 
shifts from the target timing because mobile station 600 
does not acquire synchronization with the base station 
yet Therefore too large number of integration times 
makes it difficult to detect timing 702 for synchronization 
control channel signal. 

[0123] When common control channel signals includ- 
ing synchronization control channel signals are not pro- 
vided at certain intervals, it is difficult to reduce the 
noise component by the integration described above, 
making it difficult to detect a timing of synchronization 
control channel signal. 

[0124] However, when common control channel sig- 
nals including synchronization control channel signals 
are provided at certain intervals even though the num- 
bers of time slots assigned for reverse link and forward 
link are varied, it is possible to execute integration at the 
certain intervals, thus facilitating a detection of the tim- 
ing of synchronization control channel signal. 
[0125] In a configuration of mobile station 600 illus- 
trated in FIQ.7, such synchronization acquisition by 
integration is executed in control section 617, however a 
synchronization section (not shown) may be provided 
besides control section 617. 

[0126] As described above, according to the fifth 
embodiment, a mobile station detects a synchronization 
control channel signal by integrating correlation values 
of a received signal with a spreading code at predeter- 
mined time slots intervals, thereby making it possible to 
acquire synchronization with a base station easily with 
less time even when an assignment of time slots for for- 
ward and reverse links is changed corresponding to an 
information volume in the case where the information 
volumes of forward and reverse links are asymmetry. 

(Sixth embodiment) 

[0127] FIG.9 is a frame diagram illustrating an assign- 
ment of time slots at a communication frame applied in 
a CDMA/TDD mobile communication system according 
to the sixth embodiment of the present invention. 
[0128] FIG.9 illustrates an example where one frame 

801 is divided into sixteen time slots 0 to 15. In FIG.9, 

802 indicates a time slot at which a forward link common 
control channel signal is provided, 803 indicates a time 
slot at which a forward link user information channel sig- 
nal is provided, and 804 indicates a time slot at which a 
reverse link user information channel signal is provided. 
[0129] In other words, one frame 801 is divided into 
sixteen time slots so as to provide forward link common 
control channel signals including synchronization con- 



trol signals at the eight time slots 0, 2, 4, 6, 8, 1 0, 1 2 and 
14, forward link user information channel signals at the 
time slots 1 , 5, 9 and 13, and reverse link user informa- 
tion channel signals at the time slots 3 and 1 1 . 

5 [0130] The transmission power control operation of 
oontrol section 617 in mobile station 600 illustrated in 
FIG.7 is explained with reference to FIG.9. 
[01 31 ] Since the forward link user information channel 
is an dedicated channel between a mobile station 600 

10 and a base station, the transmission power is controlled 
so that reception quality at mobile station 600 meets a 
predetermined requirement. 

[01 32] On the other hand, since forward link common 
control channel is a common channel, the transmission 
is power control is not performed based on a requirement 
of reception quality at mobile station 600. As a result, 
the reception quality sometimes deteriorates temporar- 
ily due to fading. 

[01 33] In the case of performing a transmission power 
20 control for reverse link under open -loop control, the sim- 
ilarity of propagation paths of reverse link and forward 
link is used. In this case, when a time interval between 
a forward link time slot to measure a reception quality 
and a revere link time slot to transmit, the similarity of 
25 propagation path conditions of reverse link and forward 
link becomes low, resulting in a reduction of accuracy of 
the transmission power control. 
[0134] The high reception quality introduces a more 
accurate estimation of propagation path conditions, 
30 however the propagation path condition changes as an 
interval between reception and transmission is 
increased. 

[01 35] Taking the above problems into consideration, 
a propagation path condition is estimated by combining 

35 a reception quality at each time slot with an appropriate 
weight. In the case where the propagation path condi- 
tion changes rapidly, a weight for a common control 
channel signal at the time slot 2 just before the time slot 
3 to be transmitted is set high and weights for a common 

40 control channel signal or user information channel sig- 
nal at the other time slots are set low. It may be per- 
formed that the weight for the common control channel 
signal at the time slot 2 is set at 1 and the weights for a 
common control channel signal or user information 

45 channel signal at the other time slots are set at 0. 
[01 36] On the other hand, in the case where the prop- 
agation path condition changes slowly, since it is possi- 
ble to estimate the propagation path condition with a 
high accuracy, a weight for a user information channel 

so signal at the time slot 1 is set high and weights for com- 
mon control channel signals at the time slots 0 and 2 are 
set low. It may be performed that the weight for the user 
information channel signal at the time slot 1 is set at 1 
and weights for common control channel signals at time 

55 slots 0 and 2 are set at 0. 

[01 37] In addition, the above case describes about the 
transmission power control of the reverse link user infor- 
mation channel signal at the time slot 3, however the 
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same processing is performed to the transmission 
power control of the reverse link user information chan- 
nel signal at the time slot 1 1 . 

[0138] The above case further describes about the 
example where three time slots Just before the time slot 
to be transmitted are used to combine with weights, 
however it is also preferable to use forward link channel 
signals at time slots before the three time slots. 
[01 39] In this case, the above example corresponds to 
the case where weights for channel signals at time slots 
four time slots before the time slot to be transmitted are 
set at 0. In addition, the above case describes that for- 
ward user information channel signals are provided at 
forward link time slots except for forward link time slots 
at which common control channel signals are provided, 
however the same processing is performed in another 
case where forward link user information channel sig- 
nals and forward link common control channel signals 
are provided at the same time slots. 
[0140] Further, user information channel signals may 
be provided only at forward link time slots without being 
provided at reverse link time slots. This case corre- 
sponds to weights for user information channel signals 
being set at 0. 

[01 41 ] In addition, a propagation path condition is esti- 
mated by combining signals with weights in the above 
case, however it is also preferable to predict a propaga- 
tion path condition via which a time slot will be transmit- 
ted using a time transition of the estimated propagation 
path condition to control transmission power. 
[0142] Further, in the above case, the transmission 
power control is performed only under the open-loop 
control. However, the same processing is performed in 
the transmission power control under the combination 
of closed-loop control where a base station instructs 
transmission power to a mobile station via a forward 
link. 

[0143] As described above, according to the sixth 
embodiment, a mobile station detects a synchronization 
control channel signal by integrating correlation values 
ol a received signal with a spreading code at predeter- 
mined time slots intervals, thereby making it possible to 
acquire synchronization with a base station easily with 
less time even when an assignment of time slots for for- 
ward and reverse links is changed corresponding to an 
information volume in the case where the information 
volumes of forward and reverse links are asymmetry. 
[0144] Further, the mobile station measures a recep- 
tion quality of a forward link common control channel 
signal provided at a time slot just before a time slot of a 
reverse link user information channel signal even 
though the reverse link user information channel signal 
is provided at any reverse link time slot, thereby ena- 
bling an effective open-loop controlled transmission 
power control even when a propagation path condition 
changes rapidly. 



(Seventh embodiment) 

[0145] FIG.10 is a frame diagram illustrating an 
assignment of time slots at a communication frame 
s applied in a CDMA/TDD mobile communication system 
according to the seventh embodiment of the present 
invention. 

[01 46] FIG.10 illustrates an example where one frame 
901 is divided into sixteen time slots 0 to 15. In FIG.10, 

10 902 indicates a time slot at which a forward link common 
control channel signal is provided, 903 indicates a time 
slot at which a forward link user information channel sig- 
nal is provided, and 904 indicates a time slot at which a 
reverse link user information channel signal is provided. 

is [0147] In other words, one frame 901 is divided into 
sixteen time slots so as to provide forward link common 
control channel signals including synchronization con- 
trol signals at the eight time slots 0, 2, 4, 6, 8, 1 0, 12 and 
14, forward link user information channel signals at the 

so time slots 5 and 10, and reverse link user information 
channel signals at the time slots 3 and 1 1 . 
[0148] The transmission power control operation of 
control section 617 in mobile station 600 illustrated in 
FIG.7 is explained with reference to FIG.10. In addition, 

25 the explanation will describe the case where a weight 
for forward link channel signal provided at a time slot 
just before a time slot to be transmitted is 1 and weights 
for the other forward link channel signals are 0. 
[01 49] A common control channel signal is provided at 

30 the time slot 2 just before the time slot 3 to be transmit- 
ted. Accordingly, the transmission power control is per- 
formed based on a reception quality of the forward link 
common control channel signal at the time slot 2. 
[01 50] On the other hand, both common control chan- 

35 nel signal and user information channel signal are pro- 
vided at the time slot 1 0 just before the time slot 1 1 to be 
transmitted. Accordingly, it is possible to perform the 
transmission power control based on both reception 
qualities of the forward linkcommon control channel sig- 

40 nal and user information channel signal. 

[0151] Two correction detection sections are neces- 
sary to measure both reception qualities of the forward 
link common control channel signal and user informa- 
tion channel signal. However, a single correlation detec- 
ts tion section is enough by providing a configuration 
where both reception qualities can be switched to 
measure. 

[0152] In a configuration where a reception quality of 
the forward link common control channel signal is meas- 

so ured, the transmission power control is performed 
based on the reception quality of the forward link com- 
mon control channel signal that has a lower accuracy, 
not depending on the time slot assignment of user infor- 
mation channel signal for forward and reverse links, 

55 even when a forward link user information channel sig- 
nal is provided at a slot just before a slot at which a 
reverse fink user information channel signal is provided. 
[01 53] Therefore, an effect of transmission power con- 
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trol is decreased. However, by providing a configuration 
where a channel to measure a reception quality is 
switched to a user information channel when a forward 
link user information channel signal is provided at a slot 
just before a slot at which a reverse link user information 
channel signal is provided, il is possible to measure the 
reception quality of the user information channel signal 
measurable with a high accuracy, thereby enabling an 
effective transmission power control of the reverse link 
user information channel signal. 
[0154] As described above, according to the seventh 
embodiment, a mobile station detects a synchronization 
control channel signal by integrating correlation values 
of a received signal with a spreading code at predeter- 
mined time slots intervals, thereby making it possible to 
acquire synchronization with a base station easily with 
less time even when an assignment of time slots for for- 
ward and reverse links is changed corresponding to an 
information volume in the case where the information 
volumes of forward and reverse links are asymmetry. 
[0155] Further, the mobile station switches a reception 
quality of a forward link common control channel signal 
and that of a forward link user information signal pro- 
vided at a time slot just before a time slot of a reverse 
link user information channel signal even though the 
reverse link user information channel signal is provided 
at any reverse link time slot, thereby enabling an effec- 
tive open-loop controlled transmission power control 
even when a propagation path condition changes rap- 
idly. 

[0156] As been obvious from the above-mentioned 
explanation, according to the present invention, it is 
possible for a mobile station to reduce a acquisition time 
of synchronization with a base station even when an 
assignment of time slots for forward and reverse links is 
changed corresponding to an information volume in the 
case where the information volumes of forward and 
reverse links are asymmetry, thereby enabling the open- 
loop controlled transmission power control to function 
effectively. 

[01 57] This application is based on the Japanese Pat- 
ent Application No. HE 11 0-783 17 filed on March 10, 
1998, entire content of which is expressly incorporated 
by reference herein. 

Claims 

1. A CDMA/TDD mobile communication system 
including a base station apparatus, the base station 
apparatus comprising: 

assigning means(125) for assigning at least 
one of a plurality of fixed forward link time slots 
to at least one of a plurality of time slots divided 
at a communication frame at a predetermined 
interval, while assigning at least one of a plural- 
ity of forward link time slots and at least one of 
a plurality of reverse link time slots to said time 



slots except for said fixed forward link time slots 
by allocating said time slots except for said 
fixed forward link time slots corresponding to a 
ratio of a total information volume of a forward 
5 link to a total information volume of a reverse 

link in the system; 

control means(125) for transmitting a control 
channel signal including a synchronization con- 
trol channel signal using said fixed forward link 

w time slots, for transmitting a traffic channel sig- 

nal of said forward link and a traffic channel sig- 
nal of said reverse link respectively using said 
forward link time slots and said reverse link 
time slots that are allocated according to a 

15 number of time slots respectively required cor- 

responding to a respective. 

2. The CDMA/TDD mobile communication system 
according to claim 1, wherein the control 
so means(125) assigns a fixed forward link time slot 
once every two time slots with a time slot inserted in 
assigning said fixed forward link time slots at the 
predetermined interval. 

25 3. A CDMA/TDD mobile communication system com- 
prising a mobile station apparatus having control 
means for acquire synchronization with a base sta- 
tion apparatus by integrating a correlation value of a 
received signal at a communication frame at which 

30 at least one of fixed forward link time slots is 
assigned at a predetermined interval with a spread- 
ing code of a synchronization control signal trans- 
mitted at said fixed forward link time slot at a 
predetermined time slots interval to detect said syn- 

35 chronization control channel signal. 

4. The CDMATTDD mobile communication system 
according 1o claim 3, wherein the control means 
integrates at a two time slots interval in integrating 

40 at the predetermined time slots interval. 

5. The CDMA/TDD mobile communication system 
according to claim 3, wherein the control 
means(125) measures a reception quality of a con- 

45 trol channel signal including the synchronization 
control channel signal provided at the predeter- 
mined time slots interval in order to perform a trans- 
mission power control for a reverse link based on 
the measured reception quality. 

so 

6. The CDMA/TDD mobile communication system 
according to claim 3, the control means measures a 
reception quality of a control channel signal includ- 
ing the synchronization control channel signal pro- 

55 vided at the predetermined time slots interval and a 
reception quality of a user information channel sig- 
nal at a forward link time slot assigned to said 
mobile station apparatus in order to perform a 
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transmission power control for a reverse link based 
on the measured reception qualities. 

7. The CDMA/TDD mobile communication system 
according to claim 3, the control means switches a 
control channel signal including the synchronization 
control signal provided at a predetermined time 
slots interval and a user information channel signal 
provided at a forward link time slot assigned to said 
mobile station apparatus to measure a reception 
quality in order to perform a transmission power 
control for a reverse link based on the measured 
reception quality. 

8. A base station apparatus comprising : 

assigning means(125) for assigning at least 
one of a plurality of fixed forward link time slots 
to at least one of a plurality of time slots divided 
at a communication frame at a predetermined 
interval, while assigning at least one of a plural- 
ity of forward link time slots and at least one of 
a plurality of reverse link time slots to said time 
slots except for said fixed forward link time slots 
by allocating said time slots except for said 
fixed forward link time slots corresponding to a 
ratio of a total information volume of a forward 
link to a total information volume of a reverse 
link in the system; and 

means for transmitting a control channel signal 
including a synchronization control channel 
signal using said fixed forward link time slots, 
while transmitting a traffic channel signal of 
said forward link and a traffic channel signal of 
said reverse link respectively using said for- 
ward link time slots and said reverse link time 
slots that are allocated according to a number 
of time slots respectively required correspond- 
ing to a respective information volume. 

9. The base station apparatus according to claim 8, 
further comprises control means for instructing to 
assign a fixed forward link time slot once every two 
time slots with a time slot inserted in assigning said 
fixed forward link time slots at the predetermined 
interval. 

10. A mobile station apparatus comprising: 

correlation means(108) for processing correla- 
tion of a received signal at a communication 
frame at which at least one of fixed forward link 
time slots is assigned at a predetermined inter- 
val with a spreading code of a synchronization 
control signal transmitted at said fixed forward 
link time slots; and 

control means for acquiring synchronization 
with a base station apparatus by integrating a 



correlation value at a predetermined time slots 
interval to detect said synchronization control 
channel signal. 

5 11. The mobile station apparatus according to claim 10, 
wherein the control means integrates at a two time 
slots interval in integrating at the predetermined 
time slots interval 

10 12. A mobile station apparatus according to claim 10, 
wherein the control means measures a reception 
quality of a control channel signal including the syn- 
chronization control channel signal provided at a 
predetermined time slots interval to perform a 

15 transmission power control for a reverse link based 
on the measured reception quality. 

1 3. The mobile station apparatus according to claim 10, 
the control means measures a reception quality of a 

20 control channel signal including the synchronization 
control channel signal provided at a predetermined 
time slots interval and a reception quality of a user 
information signal at a forward link time slot 
assigned to said mobile station apparatus to per- 

25 form a transmission power control for a reverse link 
based on the measured reception qualities. 

14. The mobile station apparatus according to claim 10, 
the control means switches a control channel signal 

30 including the synchronization control signal pro- 
vided at a predetermined time slots interval and a 
user information channel signal provided at a for- 
ward link time slot assigned to said mobile station 
apparatus to measure a reception quality in order to 
35 perform a transmission power control for a reverse 
link based on the measured reception quality. 

1 5. A CDMA/TDD mobile communication method com- 
prising the steps, at base station, of: 

40 

assigning at least one of a plurality of f ixed for- 
ward link time slots to at least one of a plurality 
of time slots divided at a communication frame 
at a predetermined interval, while assigning at 
45 least one of a plurality of forward link time slots 

and at least one a plurality of reverse link time 
slots to said time slots except for said fixed for- 
ward link time slots by allocating said time slots 
except for said fixed forward link time slots cor- 
50 responding to a ratio of a total information vol- 

ume of a forward link to a total information 
volume of a reverse link in the system; and 
transmitting a control channel signal including 
a synchronization control channel signal using 
55 said fixed forward link time slots, while transmit- 

ting a traffic channel signal of said forward link 
and a traffic channel signal of said reverse link 
respectively using said forward link time slots 
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and said reverse link time slots that are allo- 
cated according to a number of time slots 
respectively required corresponding to a 
respective information volume. 



ure a reception quality in order to perform a trans- 
mission power control for a reverse link based on 
the measured reception quality. 



5 



16. The CDMA/TDD mobile communication method 
according to claim 15, lurther comprising the step 
of assigning a fixed forward link time slot once every 
two time slots with a time slot inserted in assigning 
said forward link time slots at the predetermined 10 
interval. 

17. A CDMA/TDD mobile communication method com- 
prising the steps, at a mobile station apparatus, of: 



processing correlation of a received signal at a 
communication frame at which at least one of 
fixed forward link time slots are assigned at a 
predetermined interval with a spreading code 
of a synchronization control signal transmitted 20 
at said fixed forward link time slots; and 
acquiring synchronization with a base station 
apparatus by integrating a correlation value at 
a predetermined time slots interval to detect 
said synchronization control channel signal. 25 

18. The CDMA/TDD mobile communication method 
according to claim 17, further comprises the step of 
integrating at a two time slots interval in integrating 
at the predetermined time slots interval. 30 

19- The CDMA/TDD mobile communication method 
according to claim 1 7, further comprises the step 
measuring a reception quality of a control channel 
signal including the synchronization control channel ss 
signal provided at a predetermined time slots inter- 
val to perform a transmission power control for a 
reverse link based on the measured reception qual- 
ity. 



20. The CDMA/TDD mobile communication method 
according to claim 17, further comprises the step of 
measuring a reception quality of a control channel 
signal including the synchronization control channel 
signal provided at a predetermined time slots inter- 45 
val and a reception quality of a user information sig- 
nal at a forward link time slot assigned to said 
mobile station apparatus to perform a transmission 
power control for a reverse link based on the meas- 
ured reception qualities. so 

21. The CDMA/TDD mobile communication method 
according to claim 17, further comprises the step of 
switching a control channel signal including the 
synchronization control signal provided at a prede- ss 
termined time slots interval and a user information 
channel signal provided at a forward link time slot 
assigned to said mobile station apparatus to meas- 
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